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Khao sat kha ning thanh 14p binh d6 day ho bang tau khéng
ngwoi lai (USV) tai Khu viee H6 dén Lir, Thanh pho Ha No6i

Ha Thi Hang", Bui Duy Quynh, Tran Dinh Trong, Lwong Ngoc Diing, Ha Trung Khién

Khoa Cdu dwong, Trudong Pai hoc Xdy dung, Viét Nam

THONG TIN BAI BAO TOM TAT

Qﬁq mr‘zl?. Ngay nay, tau khéng ngwoi ldi (USV - Unmanned Survey Vessel) ché thiét
Nhén bai 28/05/2019 bi do sdu cho phép tiép cdn va ghi nhdn dg sdu tai nhiing khu vuc nguy
Chap nhan 10/08/2019 hiém, bi 6 nhiém véi wu diém nhé gon, chi phi thdp. O’ Viét Nam, USV la
bang online 30/08/2019 mét thiét bi méi va chuwa dwoc dp dung nhiéu trong thuc té. Bai bdo nay
Tir khéa- trinh bay két qud thir nghlem do df sdu ho Den Lir bing tau khong ngu'm

Tau khong nguoi 1ai (USV)
Binh d6 day ho ty 1€ 16n
RTK

H6 bén L

Idi SURF20 ADCP, mét s6 diém ngdu nhién gan bo dworc xdc dinh dj sdu
truec tiép bang RTK dé kiém chwng Két qud do do sau tir USV ciing dwoc
str dung dé thanh Idp binh do ddy hd Pén Lir ty 16 1/1000.

© 2019 Trudng Pai hoc - Dia chit. T4t ca cic quyén dwoc dam bao.

1. bat van dé

Phwong phap do siu truc tiép thwong dugc
ap dung khi khdo sat dia hinh tai vung nwéc nong
6 rat nhiéu han ché, thoi gian do 1au, mirc d6 rai
ro cao. Ngay nay, thiét bi do sdu ho6i 4m dat trén
tau khong ngwoi 1ai (USV - Unmanned Survey
Vessel) c6 kich thwéc nhd gon, cho phép do sau
mot phan hodc toan phan nhitng khu viee ngép lut,
nguy hiém,...

Trén thé gidi, viéc str dung USV dac biét hiru
ich khi thwc hién cac cudc khao sat do sau tai cac
khu vuc bén cang, viing bién noi dia va ven bién,
tai nhirng khu virc con nguwoi khé tiép cin hodc cac
khu vuwc nguy hiém (Kebkal, et al., 2014). Ngoai
viéc xac dinh dd siu, né con c6 thé dwoc st dung
dé gidm sat chat lwong nwdc (Matthew, et al,

*Tdc gid lién hé.
E - mail: hahangxd@gmail.com

2009; Valada, et al.,, 2013), 14p biéu d6 thay van
hodc ho tro diu hwdng cho cac tau hai quan (Seto,
2015) bang cach st dung thiét bi mé phéng hinh
con tau cé chit liéu 6n dinh va do bén cao, thwong
la nhwa ABS do nhe va it bi an mon hon kim loai.
Bén trong thin tau, dit mot hé thong cam bién
chuyén dung cé thé cdm nhén, thich ng va ghi
nhin nhirng thay d6i ciia méi truwedng, cla dia hinh,
nhw: dia hinh dong chdy, cac vat thé ngam, cac
tang da ngam, cic kénh rach,... (Terry and Gail,
2011; Idris, et al, 2015). Trong nghién cru cia
Atsushi W. va cac cong su, USV dwoc str dung dé
thanh 14p binh d6 day ho noi miéng nui ltra nham
giam thiéu rii ro. Do khu vurc h6 c6 dia thé cao, gié
th6i manh nén khong thé st dung USV, Atsushi W.
va cac cong su st dung xudng c6 ngudi lai dé xac
dinh d6 siu long ho6 theo phwong phap khao sat
truc tiép (Atsushi, etal., 2016).

(O Viét Nam, cac nghién ctru chti yéu tap trung
vao viéc str dung may do sau hoi 4m don tia, da
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chuim tia dit trén cac tau, thuyén 16n dé khao sat,
thanh 14p ban d6 dia hinh day bién, day song, day
ho. Thiét bi nay kha cong kénh, ghi nhin dwoc s6
lwgng 1én dir liéu, pham vi hoat dong trén viing
bién hoac trén cic con song 16m, song kinh phi
phuc vu cho hoat dong cta thiét bi nay cling nhw
cac thiét bi phu tro (tau, thuyén, nguwoi lai tau,...)
kha ton kém (Vi Hong Tép, 2011; Tran Anh Tuin
vannk, 2012; Pham Van Quang, Diém Cong Trang,
2014; Nguyén Xuan Thinh va nnk., 2016). Ciing
véi thiét bi do sdu hoi Am da tia dat trén tau co
nguoi lai, Cuc dwong thiy néi dia Viét Nam da xay
dung xong thuy d6 dién tir cho 3 tuyén song la
song Tién, séng Hau va séng Vam Cé (Cuc dwong
thuiy noi dia Viét Nam, 2016).

Hién nay, sao do sau va tau cé nguwoi lai thwong
dung dé do siu vung ven bién song méit rat nhiéu
thoi gian va nguy hiém. Khi khao sat do siu tai
nhitng khu vwc nhé hep, vung ngap lut hoac khu
vuc nwdc 6 nhiém thi viéc st dung tu khong
nguoi 1ai 1a mot gidi phap thay thé kha hoan hao.

LI RN

Do trong lwong cia USV kha nhe nén khi khao sat
do siu tai nhitng noi dia thé cao, gié théi manh,
song nhiéu thi khao sat bang USV khong hiéu qua.

O’ Viét Nam, viéc trng dung USV trong thanh
13p binh d6 day ho6 1a mét van dé kha méi, hdu nhw
chwa duoc quan tam téi. Chinh vi vay, bai bao nay
trinh bay két qua thir nghiém tau khong nguoi lai
SURF20 ADCP trong xac dinh dd siu long ho bén
L, stt dung két qua nay dé thanh lap binh d6 day
ho ty 1é 1/1000.

2. Thyc nghiém

2.1. Khu vwc thwe nghiém

HO Dén Lir nam trong khu vurc cong vién Dén
Lir (phwdng Hoang Van Thuy, quan Hoang Mai, Ha
Noi), rong hang nghin mét vuong, xung quanh cé
cay xanh, tham co, tao thanh céng vién thodng
mat, 1a noi Iy twéng cho cac hoat dong vui choi
ngoai troi (Hinh 1).
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Hinh 1. H3 Bén Lir (Ngudn: Google Earth).



Ha Thi Hing va nnk./Tap chi Khoa hoc Ky thudt Mé - Dia chdt 60 (4), 41 - 48 43

2.2. Thu thdp sé liéu

Trong nghién ctru nay, cac budc thyc nghiém
dwoc tién hanh theo quy trinh Hinh 2.

Cong tac chuln bi bao gom: lwa chon vi tri,
pham vi tién hanh do siu, thiét ké khoang cach
gitra cac mat cat do sau, diéu kién thoi tiét, ...

Tau do sdu khong nguwdi 1ai SURF20 ADCP do
cong ty TNHH Oceanalpha tai Chu Hai, Trung Quéc
tip trung nghién ctru va phat trién. Tau str dung
thiét bi do sdu hoi Am don tia, kich thwéc rat nho
gon, véi trong lwong 13kg gitip van hanh dé dang
trong moi moi tredng nwée va cling chi cin mot
nguwoi van hanh. Cac thong sé ky thuit co ban cta
tau SURF20 ADCP nhw Bang 1.

Bdng 1. Cdc théng sé ky thudt co bdn ctia tau

SURF20 ADCP.
Cac thong so ky thuit co ban
Kich thwéc tau 125*46*30cm
Khéi lwong tinh 13kg
Tai trong 5kg
Thoi gian hoat dong 2 gior dong ho
To6c do toi da 1,7m/s

Vatliéu vo tau
Truyén dit liéu

Nhwa composite
RF, pham vi 5km

Vé co ban, USV gom céc thanh phan chinh:
thiét bi do do siu (sonar) don tia hodc da tia, vi
mach tich hop bo xtr Iy, dd6ng co, ngudn cip nang
lwong (pin). Nguwoi diéu khién sé ding & trén bo
dé diéu khién tau chay theo hwéng mong mudn
bang thiét bi diéu khién tir xa. Ngay nay, c6 nhiéu
loai USV c¢6 thé hoat dong theo chwong trinh 14p
trinh sdn trén may tinh ma khéng can c6 nguoi
diéu khién trén bo. Hau hét cac USV hién nay déu
dwoc tich hop b phan thu nhan tin hiéu vé tinh
GNSS nén luén dinh vi dwoc vi tri cia né trén man
hinh. B4 phan thu nhan tin hiéu nay ciing twong
thich véi cdc phdn mém thu thip dir liéu thay van
pho bién hién nay trén thé gi¢i, nhw HYPACK,
HYDROpro, QINSY, PDS2000.

Viéc 14p ké hoach di chuyén cho USV trén mat
nuwdc duoc thwe hién trén may tinh xach tay cda
tram diéu khién mat dat, trén d6 sé thé hién vi tri
dia ly ctia tau USV ciing nhw ban d6 nén cua khu
vue khdo sat. Hwdng tau di chuyén, dién ap pin
trén tau, toa do va vi tri cia diém do sau, cwong do
tin hiéu thu nhan, ... cling dwoc hién thi trén may
tinh - may tinh xach tay nay két ndi véi tau USV
thong qua lién két vo tuyén (Hinh 3).

Trong nghién ctru nay, lwa chon st dung phan
mém HYDROpro™ Navigation 1a phan mém phuc

P_ha_rp vi h_Ofelt dong cua thiét okm vu codng tac dinh vi va dan tuyén tau do khi thuc
bi diéu khien hién khao sat trén bién véi do chinh xac cao, cho
Thiét bi ho tro ADCP phép két n6i nhiéu loai thiét bi khao sat nhuw may
‘ Céng tic chuin bi ‘ Toa d§ va do cao
l diém quéc gia
trong hé VN-2000
Str dung tiu do sau khong ngudi | Ké hop | Phin mém dinh vi HYDRQOpro

la1 SURF20 ADCP

Navigation

b

Toa 3§ va 46 siu cua cac

Do RTK

diém day hé

r

Toa d6 va d cao ciia cac

Toa d6 va d6 cao cia 1 56

¥ . So sanh ovacd
diém day ho trong diém gin bé trong
hé VN-2000 hé VN-2000
- ‘F -
| Binh db day hé 1/1000

Hinh 2. Quy trinh thanh Idp binh do ddy ho bing tau khéng nguwoi ldi SURF20 ADCP.
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do siu don tia, may dinh vi DGPS, hé thong GNSS/
GPSRTK, ... Phan mém khong yéu cau cao vé phin
clrg may tinh, cai dit don gian, dé str dung. Phan
mém HYDROpro™ Navigation cho phép xuit tép
dir liéu do sdu dwéi dang * TXT, gom: thi tw diém,
toa do X (m), toa do Y(m), do sdu (m) (Hinh 3).

DéE thanh 14p binh d6 day ho ty 1é 1/1000, cac
mat cat ngang hd dwoc thiét k& cach nhau 30m,
khoang cach giita cac diém do siu 1a 10m (Tiéu
chuén qudc gia TCVN 8226 : 2009, 2009; Thong tw
63/2017 /TT-BTNMT).

Str dung USV SURF20 ADCP két hgp véi phan
mém HYDROpro™ Navigation d€ khao sat d6 sdu
tai khu virc ho Dén Lir. O day, tau SURF20 ADCP di
chuyén va diéu hwdng trén mit ho nho thiét bi
diéu khién tir xa va theo cac gia tri mat cit thiét ké.
Phép do sau duwoc tién hanh dua trén séng do sdu
h6i &m don tia va Ky thuat dinh vi vé tinh GPS dat
trén tau SURF20 ADCP. May tinh xach tay dong vai
tro 13 tram diéu khién mit dat, két ndi véi USV
thong qua lién két vO tuyén. Phin mém
HYDROpro™ Navigation trong may tinh xach tay
cho phép quan sat hwéng tau di chuyén, dién ap
pin trén tau, ghi nhan toa d6 va vi tri cia diém do
sau, cwong do tin hiéu thu nhan dwoc. Trong do,
thoi gian dé USV truyén toa do va do siu cua cac
diém khao sat vé tram diéu khién mat dit duoc
thiétlap la 30 giay.

Quaé trinh thwc nghiém bat dau tir 12h10’ dén
14h30’ ngay 18-11-2018 trong diéu kién thoi tiét
ning rao, lang gi6. HO6 Dén Lir c6 dién tich khong
16m, bi bao quanh bdi cac toa nha cao ting, bén
canh do6, xung quanh ho6 c6 nhirng hang ciy duoc
trong véi mat do khoang 2m/ciy nén méit nwéc ho
h&u nhw khéng bi anh hwdng cta séng, gi6 trong

subt qua trinh thwe nghiém. Do d6, trong nghién
clru nay, coi mdt nwédc ho 1a phang ling, khong bi
anh hwdng ctia séng va gié.

Két thic qué trinh thwe nghiém thu dwoc 275
diém do sau, file két qua thé hién & dang *.txt bao
gom: thir tw diém, toa do X (m), toa d6 Y(m), do
siu h(m) dwoc xuat ra tir phin mém HYDROpro™
Navigation.

2.3. Xir Iy s6 liéu

Dwa vao diém toa do va do cao Nha nwéc nam
cach mép ho khoang 7m, day la diém cé do cao
thiy chudn trén khu vue, 12 diém mat nwéc ngau
nhién phan bé quanh h6 dwgc xac dinh do cao
qudc gia bang cong nghé RTK, trén co s& dé tinh
dod cao mat nwéc (Hmat nuwde). Két qua thé hién
trong Bang 2.

Bdng 2. D6 cao quéc gia diém mdt nuéc.

TT X(m) Y(m) H(m)
1 | 2321482,403 | 588760,979 | 5,790
2 | 2321601,853 | 588757,282 | 5,822
3 | 2321609,426 | 588742,258 | 5,786
4 | 2321458,660 | 588654,925 | 5,796
5 | 2321533,304 | 588760,378 | 5,814
6 | 2321606,475 | 588848,171 | 5,806
7 | 2321464,662 | 588638,856 | 5,803
8 | 2321460,249 | 588699,756 | 5,810
9 | 2321481,611 | 588800,321 | 5,834
10| 2321548,015 | 588782,804 | 5,819
11| 2321608,028 | 588873,827 | 5,816
12| 2321518,770 | 588872,386 | 5,830

Gid tri trung binh 5810

Hinh 3. M4t s6 hinh dnh thuc nghiém véi tau SURF20 ADCP trén ho Bén Lir.
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Do cao quéc gia cia 275 diém do sdu duorc
tinh dwa vao gia tri dé cao mat nwéc trung binh
theo cong thirc (1) (Tran Viét Tudn, Pham Doan
Mau, 2011). .

Hll()ng o = Mmit nwéce + h;c‘mg ho (1

Trong d6: HY, g ho ~ D0 cao quéc gia clia diém
1ong ho thiti; Hyps¢ nuee - PO cao quoc gia ctia diém
mit nuée ho; hl, g ho - DO sdu ctia diém long ho
thir i, dwoc xac dinh tir tau khong ngudi 1ai.

2.4. So sanh

Chon 8 diém ngiu nhién & dau hodc & cudi
moi mit cit d€ do siu truc tiép bang RTK va thwéc
g0. Khi so sanh gitra két qua do siu bang USV véi
két qua do siu bang RTK (kiém chirng lai bang

Cac diém
mat nwoc

thuérc go) cho thdy, sai léch vé do sau dao dong ti
+0.023m + +0.065m (Bang 3). Gia tri sai léch vé do
sdu kha 1én, diéu nay c6 thé ly giai do lwong rac
thai cling nhw rong réu tip trung kha nhiéu tai cac
khu virc ven b 1am nhiéu tin hiéu phan hoi vé
USV.

2.5. Nhdn xét

Theo quy dinh, sai s6 ctia diém do sau phai
nho hon + 0,3m khi d6 siu t6i da cda ving khao
st 1a 50m (Thong tw 63/2017/TT-BTNMT; Tran
Viét Tuan, Pham Doan M4u, 2011). Vi vay, két qua
thtr nghiém biang USV clia nghién ctru ndy hoan
toan dap ng dwoc yéu cau trén vi do sau tdi da
ctia ho Dén Lir chi dat tir 5m dén 6m.

Piém méc do
cao thiy chuan

A

Tau USV

—~ L

Hinh 4. Vi tri méc dé cao thiiy chudn trén khu viec thuc nghiém va cdc diém mdt nwéc ngdu nhién.

Bdng 3. Sai léch vé toa dd va do cao gitka két qud do bing RTK va bing USV.

Tén K&t qua do bing USV Két qua do trL_rc&tié'p bér}g R’IK, (kiém tralai |Sai Eécil vé
di&m bang thudc go) dod sau
X (m) Y (m) H (m) X (m) Y (m) H (m) AH (m)
1 [2321659.660[588699.961| 0.95| 2321659.355 588699.567 0.896 +0.054
2 |2321457.545|588811.822| 0.74 | 2321457.605 588810.988 0.681 +0.059
3 [|2321466.689|588813.146| 1.08 | 2321466.759 588813.239 1.015 +0.065
4 12321558.437|588702.594 | 1.07 2321558.497 588702.607 1.014 +0.056
5 [2321531.875/588705.104 | 1.01 2321531.964 588705.243 0.979 +0.031
6 [2321491.807|588699.463 | 0.96 2321491.906 588699.527 0.902 +0.058
7 12321407.103|588635.638| 1.02 | 2321407.241 588635.579 0.997 +0.023
8 [2321564.443|588661.372| 0.75| 2321564.502 588661.415 0.713 +0.037
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Tinh toan toa do va do cao quéc gia cua 275
diém do siu theo cong thic (1). Pwa két qua tinh
toan nay vao phan mém Topo 2018 ctia Cong ty
Hai Hoa dé bién tap va thanh l14p binh d6 day ho
bén Lir v6i khoang cao déu 0.50m (Thong tw
63/2017/TT-BTNMT; Tran Viét Tudn, Pham
Doin M4u, 2011). Két qua thé hién trong Hinh 4.

3. Thao luin va két luan

Tau do sdu khong nguoi 1ai USV 1a mot thiét
bi khd méi va chwa dwoc ing dung trong thanh 1ap
binh d6 day h6 nao & Viét Nam. Nghién cru nay da
khao sat kha nang do sau cda tau USV SURF20

ADCP trén khu vyc ho Pén Lir trong diéu kién
khong c6 song, gi6. Sau dé, kiém tra va kiém chirng
lai két qua nay theo phwong phép do sau truc tiép
bang cong nghé RTK, thudéc go. Két qua kiém tra
cho thiy, sai 1éch vé d6 sdu dao dong trong pham
vi tir +0.023m + +0.065m, trong khi d6, theo quy
dinh, sai s6 ctia diém d6 siu phai nh6 hon + 0,3m
khi d6 sau tdi da ciia viing khao satla 50m. Véi do
sau t6i da ctia ho Pén Lir chi dao déng trong pham
vi tir 5m - 6m thi két qua sai 1éch vé do sau trén la
rat kha quan. Trén co s& danh gia nay, nghién ctru
da st dung két qua do sau tir USV dé bién tip,
thanh 14p binh d6 day ho Pén Lir ty 1€ 1:1000.

BINH PO PIA HINH PAY HO PEN LU
Bia chi: Phuwomg Hoang Vdn Thu - Quan Hoang Mai — Ha Ngi
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Hinh 4. Binh do ddy ho Bén Lir dwoc thanh ldp tir s6 liéu do sdu bang USV SURF20 ADCP.,
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Khu vuc thye nghiém ho Dén Lir tuy twong
d6i rong nhung dia hinh 1ong hd kha bang phang,
thoi diém tién hanh thuc nghiém khéng cé gié
nhiéu. Két qua thuwc nghiém cta bai bao nay cho
thay c6 thé s dung tau do siu khéng nguwoi lai
USV trong thanh l4p binh d6 day ho ty 1é 16m &
nhitng khu vec nwéc ndng, vira dap rng cac tiéu
chuén ky thuit nhw trong quy pham, chi phi thip,
thoi gian khdo sat nhanh, vira gidm thiéu cac nguy
co rui ro cho con nguoi,...
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ABSTRACT

Studying the possibility of Unmanned Survey Vessel in establishing a
big - scale map of bottom lake at Den Lu lake, Hanoi

Hang Thi Ha, Quynh Duy Bui, Trong Dinh Tran, Dung Ngoc Luong, Khien Trung Ha
Bridge and Road Faculty, National University of Civil Engineering, Vietnam

Today, Unmanned Survey Vessel (USV) carrying depth finder allows to access and record depth of
locations in dangerous and polluted areas with advantages as a compact, low-cost technology. In Vietnam,
USV is a new and unapplied device in practice. This paper presents the results of the experiment of
measuring the depth of DenLu lake by unmanned ships named SURF20 ADCP, some near-shore random
points were determined depth directly by RTK to verify. The results of depth measurements from USV
were also used to establish the map in 1:1000 scale of DenLu lake bottom.



